Estimating peak river discharge, a critical issue in engineering hydrology, is essential for designing and managing hydraulic infrastructure such as dams and bridges. In the UK, practitioners typically apply the Flood Estimation Handbook (FEH) statistical method which estimates the design flood as the product of a relatively frequent flow estimate (the index flood, IF) and a regional growth factor.
INTRODUCTION
An accurate estimate of the design flood, i.e., the peak flow for an assigned probability of exceedance (NERC ), is a critical requirement for reducing the social and economic impact of floods. Floods constitute 40% of worldwide natural disasters (EM-DAT ) and often cause fatalities and damage to houses, businesses and infrastructure. Commonly, design flows are estimated with statistical models fitted to annual maxima (AMAX) measured at a gauged site (flood frequency analysis). Unfortunately hydrological records are often unavailable at the site of interest or, when available, they are too short to allow reliable statistical analyses. To overcome this limitation, a standard approach is to adopt a 'regionalization' procedure which introduces data from other sites into the flood frequency analysis, chosen on the basis that they exhibit similar hydrological behaviour. The regions from which these sites can be selected are typically defined using one of several different regionalization methods such as cluster analysis, the region of influence approach, the method of residuals and canonical correlation analysis. Several authors have reviewed these regionalization methods (Srinivas et at any location i-th as:
where IF i is the index flood at location i and q p [À] is the regional growth curve, a dimensionless quantile function assumed to be identical for all the sites in the region.
Various approaches have been developed to provide flow are simulated using two coupled one-dimensional kinematic wave equations. The G2G model, which primarily simulates naturalized flow, was designed to be applied across wide areas, not calibrated to individual catchment conditions. Model parameters are dependent on spatial datasets of elevation, soil type and land cover (short grass or urban/sub-urban areas), and soil hydraulic parameters are linked to the dominant soil-type in a grid-square. Nationally applied parameters (e.g., kinematic wave speed for land and river channels) were determined through manual adjustment to obtain good flow estimates for as many catchments as possible, and thus not calibrated to individual catchment conditions. Over Britain G2G is typically applied at a 1 km 2 grid resolution and a 15-minute time-step, and is configured using spatial datasets of topography, soil and land cover. Table 2 shows the summary statistics of the linear regression model. The high values of the t-ratio, computed as the coefficient estimated value divided by its estimated standard deviation, give an indication that the estimated coefficients Figure S1 and Table S1 , available with the online version of this paper). influenced by catchment properties a series of analyses relating model fit with properties such as area, drainage path length, urban extent and baseflow index were undertaken.
For each catchment property, the catchment values were divided into deciles (i.e., the nine values that divide the sorted data into ten equally sized subsamples) and measured and modelled IF for each catchment property subgroup were compared. ) between 1961-1985 and 1986-2011 (d) . 
AMAX trend analysis
In the previous section, we assessed whether AMAX output from a G2G continuous simulation could be used to esti- 
